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(57) ABSTRACT

A vehicle roof module includes an outer skin and a foamed
backing on a rear side of the outer skin. At least one
clongated hollow element 1s embedded 1n the foamed back-
ing. The elongated hollow element acts as a support for
add-on components and may also house signal transmission
components, such as cables.

17 Claims, 4 Drawing Sheets
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1
VEHICLE ROOFKF MODULE

REFERENCE TO RELATED APPLICATIONS

The present invention claims the benefit of German Patent
Application No. 103 27 839.7, filed Jun. 20, 2003.

TECHNICAL FIELD

The mvention relates to a vehicle roof module comprising
an outer skin and a foamed material layer applied as a
foamed backing on a rear side of the outer skin.

BACKGROUND OF THE INVENTION

Currently manufactured vehicle roofs are not made as
sheet metal roofs welded to, or integrally formed with, a roof
frame. Instead, vehicle roofs are increasingly made from a
roof module, which i1s produced by a supplier, that 1s
permanently and rnigidly fixed to the roof frame. Note that
the phrase “permanently and nigidly fixed” as used in the
present description does not exclude the option of removing,
the roof module from the frame 1n a workshop to be replaced
by anew roof module. In this case, the new roof module will
also be permanently and rigidly fixed on the roof frame.

The roof module i1s usually made of plastic and has an
outer skin of aluminum foil or plastic film, for instance, that
1s provided with a foamed backing layer. Vehicle roof
modules of this type may be configured with or without a
rool opening system, which opens a movable cover. In a roof
module with a roof opening system, a separate frame 1s
screwed to the outer skin from below. The separate frame 1s
configured to accommodate and guide drive cables that open
and close the movable cover to prevent the drive cables from
buckling. However the frame increases the amount of ver-
tical space occupied by the roof module. Further, there may
be a desire to secure more add-on components to the roof
module from the mside of the vehicle, increasing the overall
cost of the roof module and creating installation problems
due to restricted space.

There 1s a desire for a compact and stable vehicle roof
module that simplifies attachment of add-on components,
even 1n the case of retrofitting, and which makes a roof
opening system easier to mtegrate with the roof module.

SUMMARY OF THE INVENTION

A roof module for a vehicle according to one embodiment
of the invention has an elongated hollow element embedded
in a foamed backing of the roof module. This elongated
hollow element 1s embedded 1n the foamed backing during
a foaming process and surrounded by foamed material. The
clongated hollow element stabilizes the roof module without
increasing 1ts weight. The elongated hollow element also
acts as a support that allows attachment of add-on compo-
nents via, for example, threaded bolts screwed into the
clongated hollow element. The elongated hollow element
also serves as a channel for signal transmaission elements that
run through the elongated hollow element and that can be
later drawn into other areas of the vehicle. The signal
transmission elements can be, for instance, electric lines,
cables or bands.

The elongated hollow element may be an elastic plastic
tube that 1s entirely surrounded by foamed material. The
clongated hollow element may also be a metal tube 1f
increasing the stifiness of the roof module and/or transmiut-
ting drive forces are a high priority.
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One embodiment of the invention embeds parts of a drive
device for the roof opening system along with the elongated
hollow element into the foamed backing. In particular, a
portion of a drive housing may be embedded 1n the foamed
backing by encasing 1t in the foamed material. As a result,
it 1s much simpler to fasten the rest of the drive device to the
rool module. For example, a pinion that meshes with the
drive cable may be accommodated 1n a portion of the drive
housing that 1s located in the foamed backing. In one
embodiment, at least one portion of the drive housing 1is
embedded in the foamed backing and has a section that
slightly protrudes from the foamed backing. The protruding,
section allows another portion of the drive housing to be
flange-mounted to the embedded drive housing portion.

BRIEF DESCRIPTION OF THE DRAWINGS

Further features and advantages of the invention will be
apparent from the following description and the following
drawings to which reference 1s made and in which:

FIG. 1 1s a top view of an installed vehicle roof module
according to one embodiment of the invention,

FIG. 2 15 a cross-sectional view through the vehicle roof
module according to one embodiment of the mvention in
which a roof opeming system 1s omitted from the figure,

FIG. 3 1s a schematic view of a foaming tool 1n which the
vehicle roof module according to one embodiment of the
invention 1s produced,

FIG. 4 15 a cross-sectional view of the vehicle roof module
according to another embodiment of the invention, and

FIG. § 1s a longitudinal sectional view through the vehicle
rool module according to one embodiment of the invention
in an area of a drive device for a cover.

DETAILED DESCRIPTION OF TH.
PREFERRED EMBODIMENT

L1l

FIG. 1 illustrates a roof module 10 for a vehicle equipped
with a roof opening system. The roof module 10 1s placed on
a vehicle frame 12 from above and connected to the vehicle
frame 12. The roof module 10 includes an opening that can
be opened selectively by a raisable and movable cover 14,
which 1s a part of the roof opeming system.

The roof module 10 may include a thermoplastic film
(FIG. 2), which forms an outer skin 16 of the roof module
10 and the vehicle 1tself in the roof area. The outer skin 16
1s plastically deformed by deep-drawing and 1s preferably
dyed throughout so that the roof module 10 has a finished
surface without a separate painting step.

The outer skin 16 1s provided with a foamed backing 18
that 1s disposed on a rear side of the outer skin 16. The
material 1n the foamed backing 18 may be, for example,
foamed polyurethane. The foamed backing 18 may be
reinforced with glass fibers 20. The glass fibers 20 may be
disposed 1n the foamed backing 18 via a Long Fiber Injec-
tion (LFI) method.

The material used for the foamed backing 18 may connect
the outer skin 16 with an inner lining 22. The 1inner lining 22
may be in the form of a {ilm or a fabric. The iner lining 22
can also be configured as a separate part, particularly i1 there
1s a frame for the roof opening system arranged between the
outer skin 16 and the mnner lining 22. If fabric 1s used as the
iner lining 22, 1t can be flock-coated, if desired. Both the
outer skin 16 and the inner lining 22 can be configured as
multiple layer structures.

As shown 1n FIG. 1, elongated hollow elements 24 in the
form of tubes are disposed in the foamed backing 18 on
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either side of the movable cover 14. The elongated hollow
clements 24 may be disposed in the foamed backing 18 so
that they are completely embedded 1n the foamed backing
18. The elongated hollow elements 24 may be 1n the form of
tubes made of metal or plastic.

Signal transmission means 26 may run inside the elon-
gated hollow elements 24. The signal transmission means 26
may 1nclude, for instance, electric lines for lighting systems,
force transmitting cables or bands, or other similar struc-
tures. In the example 1illustrated 1n the figures, the signal
transmission means 26 are push-pull drive cables for oper-
ating the movable cover 14.

A screw 28 can be screwed into the elongated hollow
clement 24 from the outside to fix an add-on component
such as, for example, a loudspeaker, a light or a console, to
the roof module 10. If the roof module 10 1s provided with
an electric roof opening system, the screws 28 used to fasten
an electric drive device 1n the electric roof opening system
may be embedded in the foamed backing 18.

FIG. 3 illustrates a foaming tool that may be used to
manufacture the roof module 10 according to one embodi-
ment of the invention. The outer skin 16, which may be
deep-drawn, 1s placed 1n a lower part 30 of the tool. The
inner lining 22 1s fastened to an upper part 32 of the tool by
a lateral clamping frame 34 or other retaining device. Next,
the elongated hollow elements 24 are fixed to the upper part
32 of the tool by positioning pins 36. The positioning pins
36 protrude through the inner lining 22 and can either be
temporarily fixed to the eclongated hollow elements 24,
protrude 1nto openings in the upper part 32 of the tool, or be
permanently fixed to the upper part 32 of the tool to
penetrate into positioning openings in the elongated hollow
clements 24.

Liquid plastic maternial, such as liquid polyurethane, with
glass fibers 20 injected 1nto the material 1s then applied on
the rear side of the outer skin 16. The foaming tool i1s then
closed so that the plastic material foams up to form the
toamed backing 18. The foamed backing 18 connects the
outer skin 16 with the mner liming 22 and, in the foaming
process, completely embeds the elongated hollow elements
24 1n the foamed backing 18.

As shown 1 FIG. 4, it 1s possible to embed additional
parts in the foamed backing 18. Possible additional parts
include an airbag support 35, a fastening means 37, and/or
reinforcing metal sheets. Large-surface planar metal rein-
forcements, such as a metal network 38 (e.g. a gnd,
expanded metal) may be embedded in the foamed backing
18 as the reinforcing metal sheet. The metal network 38
improves the crash behavior of the roof module 10 1nde-
pendently of the elongated hollow elements 24.

FIG. 5 15 a longitudinal section view of the roof module
10 1n an area of a drive device for the movable cover 14. In
this figure, the section view 1s oflset at line A, 1.e. the section
on the right-hand side of line A lies 1n a plane that 1s different
from the plane of the section on the left-hand side of line A.
To operate the cover 14, the roof module 10 includes two
drive cables 126, such as those described in U.S. Pat. No.
5,746,090, which 1s mcorporated 1n the present application
by reference. The drive cables 126 have sections that run
parallel to each other and are guided so that they do not
buckle. The drive cables 126 are driven 1n opposite direc-
tions by a pinion 40 disposed between the drive cables 126.
Because the overall drive device preferably extends in an
area of a front end of the roof module 10 and transverse to
the vehicle as a whole, the drive cables 126 are guided 1n this
area in channels 42, 42' formed by the elongated hollow
clements 24.
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The pinion 40 1s cantilevered on a drive shait 44, which
1s rotated by a drive motor 46. The pinion 40 1s accommo-
dated 1n a multi-part drive housing that 1s partially embed-
ded i the foamed backing 18, with a part of the dnive
housing being encased in the foamed material. The drive
housing includes, among other things, an upper housing
cover 48 that has a chamber for accommodating the pinion
40 and the drive shaft 44 and a lower housing cover 50. The
upper housing cover 48 and the lower housing cover 50 may
cach have a portion embedded in the foamed backing 18.
The upper housing cover 48 and the lower housing cover 50
cach partially protrude from the foamed backing 18. The
drive motor 46 and a gearbox 52 are fixed from below by
screwing down the upper and lower housing covers 48 and
50.

The ends of the two elongated hollow elements 24 are
fixed to the upper housing cover 48 by an outwardly
protruding annular bead 54. Each end of each elongated
hollow element 24 1s received 1n a groove in an associated
opening in the upper housing cover 48.

It should be understood that various alternatives to the
embodiments of the invention described herein may be
employed 1n practicing the mvention. It 1s mntended that the
following claims define the scope of the invention and that
the method and apparatus within the scope of these claims
and their equivalents be covered thereby.

The mvention claimed 1s:

1. A vehicle roof module comprising;:

an outer skin;

a fToamed backing disposed on a rear side of the outer skin,

the foamed backing being made of a foamed matenal;
an elongated hollow element embedded 1n the foamed
backing;

at least one push-pull drive cable that operates a roof

opening system and that runs through the elongated
hollow element; and

a drive housing for the roof opening system comprising a

first cover and a second cover, each of the first and the
second covers being at least partially embedded into the
foamed material.

2. The vehicle roof module according to claim 1, wherein
the elongated hollow element 1s a metal tube.

3. The vehicle roof module according to claim 1, wherein
the elongated hollow element 1s a plastic tube.

4. The vehicle roof module according to claim 1, wherein
the outer skin comprises a plastic film that 1s dyed substan-
tially throughout.

5. The vehicle roof module of claim 4, wherein the outer
skin 1s a deep-drawn plastic film.

6. The vehicle roof module according to claim 1, further
comprising an mner lining adjoining an nner side of the
foamed backing.

7. The vehicle roof module according to claim 1, further
comprising a pimon disposed in the drive housing and
meshing with the at least one push-pull drive cable.

8. The vehicle roof module according to claim 1, turther
comprising at least one of a planar reinforcement, a fasten-
ing means, and an airbag support embedded 1n the foamed
backing.

9. The vehicle roof module according to claim 1, further
comprising a plurality of reinforcing fibers disposed 1n the
foamed backing.

10. The vehicle roof module according to claim 1,
wherein the elongated hollow element comprises a plurality
of elongated hollow remnforcement elements with at least
one of the plurality of elongated hollow reinforcement
clements being positioned to extend along one longitudinal
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side of the cover and at least one other of the plurality of
clongated hollow reinforcement elements being positioned
to extend along an opposite longitudinal side of a cover.

11. The vehicle roof module according to claim 1 wherein
the first cover includes an upper surface 1in direct contact
with the foamed backing and the second cover includes a
lower surface 1n direct contact with the foamed backing.

12. The vehicle roof module according to claim 11
including a pinion that drives the at least one push-pull drive
cable wherein the first cover includes a chamber that accom-
modates the pinion.

13. The vehicle roof module according to claim 12
including a drive motor having a drive shaft wherein the
pinion 1s cantilevered on the drive shaft.

14. The vehicle roof module according to claim 11
wherein the first cover has a lower surface and the second
cover has an upper surface and including at least one
fastener that secures the first and second covers together
such that the upper surface of the second cover 1s 1n direct
abutting contact with the lower surface of the first cover.
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15. The vehicle roof module according to claim 11
wherein the first cover includes a first outer peripheral
surface extending downwardly from the upper surface and
wherein the second cover includes a second outer peripheral
surface extending upwardly from the lower surface, the first
and second outer peripheral surfaces each directly abutting
against the foamed backing.

16. The vehicle roof module according to claim 1 wherein
the elongated hollow element includes a first attachment
feature and the first cover includes a second attachment
feature that cooperates with the first attachment feature to fix
the elongated hollow element to the first cover.

17. The vehicle roof module according to claim 16
wherein the first attachment feature comprises one of a bead

and a groove and the second attachment feature comprises
the other of the bead and the groove.
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